Introduction
The transition metal complexes of N -heterocyclic carbenes (NHCs) have been significantly developed in organometallic chemistry and homogeneous catalysis since discovered by Wanzlick,Öfele, and Arduengo, and have become extremely popular. 1−3 In comparison, metal-NHC complexes have shown better catalytic activity than the corresponding phosphine-metal complexes in various organic transformation methods, not only due to their high σ -basicity and low π -acidity abilities but also because of the ease of controlling steric effects on nitrogen atoms. 4−9 The silver-NHC complexes, which were used as convenient carbene transfer reagents for the synthesis of some metal-NHC complexes, have received continuous attention. 10, 11 More recently, the silver-NHC complexes exhibiting antimicrobial activity have also found applications, in particular as catalysts, nanomaterials, and anticancer agents. 12−19 There are 3 different procedures for the synthesis of silver-NHC complexes: (i) under basic phase transfer conditions, the reaction of silver salts with azolium salts; (ii) the reaction of silver bases such as AgOAc, Ag 2 CO 3 , and Ag 2 O with azolium salts; (iii) the reaction of free NHC silver salts.
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Route (ii) is the most commonly employed among these procedures.
We present herein the synthesis, characterization, and antimicrobial studies of 7 new 2-methoxyethylsubstituted, 2-diethylaminoethyl-substituted, and 2-phenylethyl-substituted silver-NHC complexes. All silver-NHC complexes showed antibacterial activity against the tested bacterial and fungal strains.
Experimental

Materials and methods
Under an inert atmosphere of argon using standard Schlenk techniques, all reactions for the synthesis of chloro-(1,3-dialkylbenzimidazol-2-ylidene)silver(I) complexes were carried out. All chemicals were bought from Aldrich, Fluka, and Merck. The solvents, dichloromethane over P 4 O 10 and hexane over Na, were distilled prior to use. 
General method for the preparation of silver-N -heterocyclic carbene complexes
1,3-Dialkylbenzimidazolium chloride (1.0 mmol), Ag 2 CO 3 (0.5 mmol), and activated 4-Å molecular sieves were stirred in dichloromethane (20 mL) at room temperature for 24 h. The Schlenk-type flask was covered with aluminum foil to avoid light exposure. The resulting solution was filtered through Celite and the solvent was removed under reduced pressure. The crude product was crystallized from hexane/dichloromethane at room temperature. 
Chloro
Chloro-[1-(2-methoxyethyl)-3-(2-morpholinoethyl)benzimidazol-2-ylidene)]silver(I), 1b
Yield: 86%, mp: 145-146 
Chloro-[1-(2-diethylaminoethyl)-3-(isopropyl)benzimidazol-2-ylidene)]silver(I), 1f
Yield 
Chloro-[1,3-bis(2-diphenylethyl)benzimidazol-2-ylidene]silver(I), 1g
Antimicrobial activity
Using the agar dilution procedure recommended by the Laboratory and Clinical Standards Institute, the antimicrobial activities of the synthesized silver-NHC complexes were determined. values are provided. A loopful (0.01 mL) of the standardized inocula of the yeasts and bacteria (10 6 CFUs/mL) was spread over the surface of agar plates. All were inoculated after 16-20 h of incubation for bacteria and 48 h for yeasts. The lowest concentration of the compounds that prevented visible growth was considered to be the MIC.
Results and discussion
Synthesis and characterization of silver-N -heterocyclic carbene complexes, 1a-g
The carbene precursors 1-(2-methoxyethyl)-3-alkylbenzimidazolium salts, 1-(2-diethylaminoethyl)-3-isopropylbenzimidazolium salt, and 1,3-di(2-phenylethyl)benzimidazolium salt were prepared according to known methods. 24, 25 Treatment of the benzimidazolium salts with 0.5 equiv. of Ag 2 CO 3 in CH 2 Cl 2 afforded quantitatively the expected carbene 1a-g after 24 h (Scheme). The silver-NHCs 1a-g were obtained as white solids in 79%-87% yields. While the silver carbene complexes (1a-g) were soluble in halogenated solvents, they were insoluble in nonpolar solvents. The structures of the silver-NHC complexes were characterized by spectroscopic and analytical techniques. Their 1 H and 13 C NMR spectra are consistent with the proposed formula. In the 1 H NMR and 13 C NMR spectra of these solid products in DMSO, loss of the benzimidazolium proton (NCHN) and benzimidazolium carbon (NCHN) signal suggests the formation of the silver complexes. The 13 C NMR spectra exhibit singlets at 187.9, 188.9, 186.4, 190.1, 186.2, and 185.8 ppm for 1a, 1b, 1d, 1e, 1f, and 1g, respectively, which is characteristic of the carbenic carbon resonance. In the 1c complex, the resonance for carbene carbon was not detected, which has also been mentioned in the literature and has been given as a reason for the fluxional behavior of the NHC complexes. 26−28 The NMR values are similar to the results of other silver-NHC complexes. The antimicrobial activities of the silver(I) complexes were estimated by minimum inhibitory concentrations (MIC, µ g mL −1 ) using an agar dilution procedure. Antimicrobial activity against fungi and bacteria was observed in the silver complexes (1a-g) tested at 200-12.5 µ g mL −1 concentrations and the results are given in Table 1 . The silver carbene complexes showed effective activities against 2 gram-negative bacterial strains The silver carbene complexes exhibited antifungal activity with a range of MICs values between 100 and 12.5 µ g mL −1 . Among the silver carbene complexes, 1a and 1c showed high activity against the fungi C.
tropicalis and C. albicans. All of the other silver carbene complexes (1b, 1e, 1f, and 1g) exhibited the same activity against all fungi. From the data obtained in this work it is suggested that the substituents on the N -atoms may play a crucial role in antimicrobial activity.
When compared with other studies, the antimicrobial activities of synthesized silver-NHC complexes showed higher activities than did the NHC ligands. Table 2 is examined, it is seen in the forefront that due to the increase in the substance inflows into the cell, rather than DMSO's antimicrobial activity, DMSO provides an additional contribution. In our studies, the fact that antimicrobial activities are not seen in plates A and B supports this information. If 1% DMSO value were effective, antimicrobial activities could have always been observed in A, B, C, and D plates.
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Conclusions
We synthesized and characterized 7 new silver-NHC complexes. The in vitro antimicrobial activities of the synthesized complexes were studied against 2 gram-positive bacterial strains (Staphylococcus aureus and Enterococcus faecalis), 2 gram-negative bacterial strains (Pseudomonas aeruginosa and Escherichia coli ), and 2 fungal strains (C. tropicalis and C. albicans), which showed their inhibitory effect. The silver-NHC complexes (1a-g) showed high activity against all bacteria and fungi. In particular, complexes 1a and 1c exhibited significant activity, and showed the potential for their use as antimicrobial agents.
